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1. Introduction 
An understanding of the molecular basis of the 
structure and function of biological membranes 
requires their isolation and complete characterization. 
Current methodology for purification of these mem- 
branes relies almost exclusively on centr~fugation 
techniques [I]. We describe here a novel method for 
the isolation of human erythrocyte membranes based 
on the covalent binding of the cells to a sotid support 
via cleavable disulfide bonds. After attachment, the 
cells are lysed, washed and the resultant membranes 
detached from the support by mild reduction with 
dithiothreitol. The application of this method to the 
isolation and identification of outer cell surface 
protems is described. 
2. Mat&ah and methods 
AH-Sepharose 4E {Agarose beads cosigning 
al~~i~ohexyl side chains, -10 ~1~01l~lll~ was obtained 
form Pharmacia, dimethyi 3,3’-dithiobispropionimidate 
HCi and methyl 4-mercaptobutyrimidate MC1 were 
purchased from Pierce, 2,2’-dithiopyridine was a 
product of Aldrich, and phenylmetharresulfonyl 
fluoride was obtained from Sigma. Other chemicals, 
purchased from commercial sources, were of the 
highest purity available and were used without further 
purification. 
Human erythrocytes, obtained from freshly drawn 
blood, were centr~f~~ged at 2500 X g for 5 min. The 
pellets were suspended in 5 mM phosphate buffer 
containing 150 mM N&I (PBS, pH 8.0) and centri- 
~isevier/Nnrth-Holland Biomedical Press 
fuged as above. After each centrifugation the buffy 
coat was remaved by aspiration. This operation was 
repeated 5 times to obtain the washed cells. 
For comparative studies, human erythrocyte ghosts 
were isolated by a conventional method [2]. Sodium 
dodecyl sulfate (SDS~-polyacrylamide gel electro- 
phoresis and staining were accnrding to [3] as modi- 
fied [Z]. 
An activated solid support carrying cleavable 
reactive imidoester groups was prepared by mixing 
equal volumes of AH-Sepharose 43 beads and 40 mM 
dimethyl 3,3’&thiobispropionimidate in PBS (pfJ8.6) 
at 23°C for 15 min. Excess free reagent was removed 
and the pH adjusted by washing the activated beads 
with ice-cold PBS (pH 8.0). The activated beads 
were immediately used for binding the washed cells. 
Unless otherwise mentioned, all operations were at 
4°C. 
3. Resufts and discussion 
The preparation of human erythrocyte membranes 
by covalent fractionation on a solid support is illus- 
trated in fig.1. The attachment of cells to beads WZIS 
accomplished by gentle agitation of activated beads 
(5 ml) with an equal volume of a 10% suspension of 
red blood cells (-10’ cells/ml) in PBS (pH 8.0) 
(fig.2). After 10 min at room temperature or 20 mitt 
at 4”C, the cell-coated beads were allowed to settle 
and the supernatant containing free cells was aspirated. 
The excess of reactive imidoester groups was inacti- 
vated by suspending the beads for 30 min in 5 vol. 
50 mM ethylamine in isotonic solution (pH 8.a). The 
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Fig.1. Schematic illustration of cell membrane isolation by 
covalent fractionation on a solid support. Aminoalkyl agarose 
beads were activated (step 1) by reaction with imidoester 
groups (I) of the reversible crosslinking reagent 3,3’-dithio- 
bispropionimidate, to form chemically stable amidine groups 
(A) which link dithioimidate groups to the beads. Following 
washing (step 2) the active beads were mixed with cells 
(step 3), leading to amidination of the beads’ imidoesters by 
amino groups of cell surface components. The excess of 
imidoesters on the beads were deactivated via amidination by 
ethylamine (step 4), the covalently bound cells were lysed 
(step S), and the cell content removed. Reduction by dithio- 
threitol (DTT) (step 6) of the disulfide bonds linking the 
resultant cell membranes and the beads, permitted the isola- 
tion of the cell membranes. 
remaining free cells were removed by permitting the 
beads to settle and then removing the supernatant. 
The beads were washed 3-5 times with 5 vol. PBS 
(pH 8.0) in the same fashion. 
The bound cells were rapidly lysed by suspending 
the coated beads in 30 vol. 5 mM phosphate buffer 
(PH 8.0) containing 30 yM phenylmethanesulfonyl 
fluoride. After 15 min gentle agitation, the beads 
were left to settle and washed twice with the lysing 
buffer. Phase~ontrast microscopy revealed beads 
covered with ghosts (fig.3) while free ghosts could 
not be observed in the supernatant, The bound mem- 
branes were released by suspending the coated beads 
in 5 vol. lysing buffer containing 40mM dithiothreitol. 
After 4 h gentle agitation, all ghosts were detached 
from the beads. Such detachment did not occur when 
the beads were agitated in the absence of dithio- 
threitol, implying that the membranes were covalent- 
ly bound to the solid support via disulfide bonds (this 
conclusion was further substantiated by the observa- 
tion that no membranes could be obtained by mixing 
cells with beads that had been inactivated by treat- 
ment with dithiothreitol or ethy~anline). After remov- 
ing the beads by centrifugation at 100 X g for 2 min, 
the detached ghosts were collected from the super- 
natant by centrifugation at 48 000 X g for 30 min. 
As many as 2 X lo8 ghosts were obtained from 1 ml 
Fig.2. Sepharose 4B beads covered with covalently attached red blood cells. Bar = 50 pm. 
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Fig.3. Red blood cell ghosts covalently attached to a Sepharose 
4B bead: (A) focus on the top of the bead; (B) focus on the 
circumference of the bead. Bar = 20 pm. 
activated beads. The ghosts were found to be identical 
to those obtained by the conventional methods 
[2-51, both by phase-contrast microscopy and by 
SDS-gel electrophoresis of their protein constituents 
(figAA). 
The covalent binding of the erythrocytes to the 
solid support involves proteins which are located at 
the outer surface of the cells. We therefore modified 
the above procedure to isolate and identify these cell 
surface proteins. Membrane-coated beads were 
incubated at 37°C for 30 min in 2% SDS rather than 
dithiothreitol. This treatment solubilized the bulk of 
the membranes and their protein constituents. The 
remaining covalently bound proteins, containing -3% 
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Fig.4. Gel electrophoresis in SDS, detected by staining with 
Coomassie brilliant blue R-250: (A) ghosts obtained by 
covalent fractionation on solid support; (B) membrane 
proteins covalently bound to the solid support during attach- 
ment of the cells; the position of band 3 and the major 
fraction of glycophorin (PAS 1) is indicated. Staining of the 
two gels with periodic-Schiff reagent resulted in patterns 
indicating the presence of glycophorm in both samples. 
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of the total protein content of the bound ghosts, 
were released when the treated beads were washed 
and then incubated with 40 mM dithiothreitol in 
0.2% SDS for 2 h at 37°C. Thus, only a minor frac- 
tion of the protein constituents of the membranes 
isolated by our method were chemically modified. 
Gel electrophoresis of this protein fraction indicated 
that it contains the two major glycoproteins of the 
erythrocyte membrane, band 3 glycophorin (fig.4B). 
These two proteins were shown to be located on the 
outer surface of the human red cell by various labeling 
techniques [4,5]. However, while these techniques 
only allow the identification of the surface proteins, 
our method also permits the isolation of the mem- 
brane constituents through which the cells bind to 
the solid support. 
Attachment of cells to solid supports via specific 
ligands or by different kinds of nonspecific inter- 
actions, such as hydrophobic or electrostatic, has 
been reported (e.g., [6-81). Preparation of mem- 
branes from various cells on a solid support covered 
with polylysine was recently described, and is based 
on electrostatic interaction between the positively 
charged beads and the negatively charged cells 
[9-121. The main advantage of our method is that 
the attachment of the cells to the solid support is via 
strong covalent bonds which are independent of con- 
ditions such as pH, ionic strength, buffer type and 
temperature of the medium. As a result of the 
covalent binding, we were able to lyse the attached 
cells by mild hypotonic pressure and to obtain whole 
ghosts attached to the beads rather than just pieces of 
membranes. A practical limitation of the new method 
is the large volumes of the resin needed for large scale 
membrane preparation. However, the deactivated 
beads, obtained after the detachment of the mem- 
branes, can be regenerated by treatment with a 1.5 M 
excess of 2,2’-dithiopyridine at pH 8.0 for 30 min, 
followed by treatment with methyl 4-mercapto- 
butyrimidate HCl under the same conditions. 
The primary objective for the isolation of red cell 
ghosts, as described here, was the examination of the 
basic principles of the method. The human red cell 
ghosts were selected as a model system for the present 
study because they are well characterized. The method 
described offers considerable promise for obtaining 
highly purified membrane since all undesirable cell 
components can be removed from the bound mem- 
branes more easily and efficiently than currently 
possible with other purification techniques. The 
isolation of other cell membranes by covalent frac- 
tionation on solid supports is now in progress. Further- 
more, the potential use of this new method is not 
limited to the isolation of membranes from cells or 
their organelles as evidenced by its application here 
to the isolation and 
proteins. 
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